Abstract
Introduction
Bovine paratuberculosis, also known as Johne's disease (JD), is an incurable, chronic, granulomatous inflammatory disease of the intestines of ruminants and some wild-type species. It is caused by infection with subspp.
(MAP), a mycobactin dependent, slow growing, and acid-fast bacillus. Paratuberculosis is a List B transmissible disease and has trade restriction [1] . Disease is prevalent worldwide [2, 3] and causes heavy economic losses due to reduced milk production, veterinary expenses, reduced slaughter value, infertility and premature killing of animals especially in the dairy industry [4] [5] [6] . JD causes an annual loss of $200 million in United States herds alone [7] . Diagnosis of the disease is difficult, expensive and/or low in sensitivity . Therapeutic, prophylactic and management strategies for JD are available, but they are difficult and expensive to implement.
In India, the disease is very much prevalent. JD is endemic in developing and developed countries [7] . In India, no thorough survey is carried out but the disease is frequently reported. The disease was first diagnosed in 1913 at Hissar. This is followed by isolated reports from different parts of the country [11] [12] [13] . Information on production losses and prevalence of JD in cows at national level has not been estimated. This is due to low priority accorded to JD and lack of national level program conducted by central bodies. Vaccination in cattle against paratuberculosis was first reported by Valle and Ringard in 1926 [14] . Current vaccines available do not fully prevent the disease, instead
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To compare the efficacy between saponin adjuvanted paratuberculosis killed vaccine and Freund's incomplete (FIC) adjuvanted paratuberculosis vaccine in mice model.
The study was conducted for a period of 11 months using 80 Swiss albino mice by dividing into four groups (Group I-mice vaccinated with killed subspp.
(MAP) adjuvanted with saponin, Group II-for FIC, Group III-Saponin control and Gr IV-FIC control). Faecal shedding, changes in body weight, presence of local reactions and clinical symptoms, were evaluated. Serological assays for humoral and cell mediated immune response were determined by agar gel immunodiffusion (AGID) and nitric oxide test (NO) respectively. A total of 76 serum samples, 52 faecal samples and 20 tissue samples were collected at different intervals during the study period. ZN staining; AGID test and nitric oxide test were employed for analysis of samples.
: A total of 38 samples (37 faecal and 1 tissue sample) and 18 serum samples were recorded as positive by ZN staining and AGID test respectively from all four groups of mice. Significant decrease in faecal shedding of organisms was observed in Group I mice vaccinated with saponin adjuvanted vaccine in comparison to Group II. Gain in body weight of Group I mice was recorded as higher than Group II. NO test revealed increase in the concentration of NO level in both vaccinated group but more significant in Group I.
The tests results obtained revealed that killed MAP vaccine adjuvanted with saponin have higher protective efficacy in terms of reduced faecal shedding, gain in body weight, less side effects, absence of attributable specific symptoms of Johne's disease, etc. in comparison to killed MAP vaccine adjuvanted with FIC. The present study also reveals that AGID and NO estimation tests are specific tests which can be employed for diagnosis and comparison of efficacy of paratuberculosis vaccine.
MAP ( subspecies ), saponin and Freund's incomplete adjuvant, Ziehl Neelsen's staining.
Mycobacterium avium paratuberculosis AGID test, nitric oxide, decrease the faecal shedding and delay the spread of the disease.
For controlling JD, what we need is a better diagnostic test and or an appropriate vaccine which can give solid protection. Most of the diagnostic tools available for the early identification of infected animals are less than satisfactory [15] , which limits disease detection. Faecal culture for agent detection is the most sensitive method to identify shedding animals [16] , but it is still time-consuming and not suitable to use as screening diagnostic method for the whole herd. Serological tests have been evaluated for rapid detection of both clinically and subclinically infected animals: complement fixation (CF), Agarose Gel Immunodifusion (AGID), and preadsorbed ELISA, out of which AGID is considered to be most specific one. Molecular biology techniques, recently developed, are comparatively reliable but the detection of the disease, in the early phase of the disease, is difficult. Since it is a chronic infection and incubation period is too long, total protection from vaccination is also not possible. Though various types of vaccines have been developed so far, killed vaccine remains the most widely used vaccine in field condition despite minor untoward effects. Therefore, a suitable vaccine which delays the onset of the infection and decrease the shedding of pathogen will be of today's demand. Recently, studies conducted using killed vaccine employing saponin adjuvants have been found to have less side effects [17] .
Keeping in view of the above facts and necessity, the present study was undertaken to compare the efficacy of MAP killed vaccine using two different adjuvants, Saponin and Freund's incomplete (FIC) adjuvant.
Experiments were carried out in accordance with the guidelines laid down by the Institute Animal Ethics committee for the use of animal subjects or that procedures were in compliance with at least the declaration of the National Institutes of Health Guide for Care (Table-1) . Following euthanization, 2-3 mice were sacrificed and tissue samples (spleen, liver and intestine) were collected from four groups of mice after challenge infection on 100 , 160 , 220 , 280 , 330 day and stored at -80°C until further processing (Table-1 ).
Different groups of mice were observed for presence of any specific sign and symptoms attributable to JD. Changes in body weight in different groups at different interval periods, local reactions, changes in necropsy, etc. if present in any group were recorded during the study period. Slides in duplicate were prepared after faecal decontamination with 0.75 % HPC (Hexadecylpyridium chloride) and observed by ZN staining. ZN-stained smears of faeces were examined microscopically. In case of tissue samples, 1 gram of tissue was suspended in 3 ml sterile PBS (pH 7.4) in a pestle and mortar and homogenized. Smears prepared from pellet after centrifugation were heat fixed and stained with ZN staining procedure. A presumptive diagnosis ly acid-fast bacilli are found (Figure-1 ).
Sonicated antigen was prepared from ATCC 19698 strain sub species procured from Division of Biological Products, IVRI, U.P. India. Culture was grown in the Middlebrook 7H10 synthetic media for six weeks at 37°C and was killed by autoclaving (120°C at 15 lb pressure) for 5 minutes before harvesting the bacterial cells on Whatman No. 1 filter paper. The bacterial cells were washed thrice in sterile phosphate buffer solution (PBS, 50 mM phosphate, 150 mM NaCl, pH 7.4) by centrifugation at 5000 rpm for 30 minute. About 5 g of washed cells were suspended in 10 ml of PBS containing 0.2 mM phenyl methyl sulfonyl fluoride (PMSF) and sonicated at 16 micron amplitude for 3 minute for 15 cycles with a interval of 2 minute between every 3 cycles. Sonicated preparation was centrifuged at 12000 rpm for 1 hour at 4°C. The supernatant was filtered through 0.22 μm membrane filter. The protein content was estimated by the method of Lowry [18] and was found to be 2.05 mg/ml. The sonicated antigen was aliquoted in small eppendorfs and stored at -20°C for its use inAGID test. 0.85% agarose gel was prepared in PBS (pH 7.4) containing sodium azide 0.02%. Depending on the number of sample to be tested, gel was either poured into the microslides or petridishes, allowed to solidify at 4°C for 1 hour in humid chamber. Wells of 5 mm diameter were punched out in hexagonal pattern of six peripheral wells for sera and one center well for the antigen maintaining equidistance of 5 mm between them. The central well was filled with sonicated antigen with optimum concentration (1 mg/ml). The test sera were charged in duplicate in six peripheral wells and incubated at 4°C overnight in humid chamber. On each plate, in one set of positive and negative sera were always included as control well. Gels were examined after 24 and 48 h and in suspected cases after 72 h. A weak line was scored 1+ and appearance of one or more lines as strong as that of positive serum was scored as 2+. Sera testing positive in first instance were reconfirmed for specificity by charging the sera alternatively with known positive serum. Absence of precipitin line was recorded as negative test result.
NO was estimated at 0, 15, 45, 90, 180, 240 and 330 DPV in the serum samples as per Sastry [19] .
Effects of adjuvant type and antigen on ante-mortem vaccine site reactions, fecal shedding, and body weight were analyzed by appropriate statistical analysis tests. A p-value of <0.05 was considered significant.
Distinct clinical signs and symptoms attributable to JD were not observed in any of challenged mice in Group I and Group II during the entire study period. However, at approximately 9 to 10 months post-challenge infection, few of mice began to show clinical signs like emaciation and muscle wasting without diarrhoea. No significant gross changes were observed at necropsy in all the four groups during the study period. Gross changes were completely absent from Group I and Group II while enlargement of spleen and liver were observed in few mice in control challenged groups Prior to challenge infection, the body weights were almost same in all four groups. After challenge infection, changes in body weight of mice in different groups were observed (Table-3 ). Body weight gain in mice of vaccinated groups were analyzed by analysis of variance (ANOVA), Group I and Group II were recorded but the body weight gain was more in Group I in comparison to Group II (p<0.05). No significant changes were observed in Group III and Group IV control group. Faecal shedding in different groups of mice was determined by ZN staining and analyzed by ANOVA. Out of total n= 52 faecal samples with 13 samples each from the four groups, in Group I, only 5 (38.46%) samples were recorded as positive, 7 (61.54%) samples in Group II, 12 (92.30%) from Group III and 12 (92.30%) from Group IV (Figure-2 ).
Significant decrease in faecal shedding was observed in both vaccinated groups, Group I and Group II but decrease in shedding was more significant in Group I by 23.08% (p<0.05) in comparison to Group II (Table-2, Figure-2 ). While in Group III and Group IV, the shedding rate was increased in the first 3-6 months followed by intermittent shedding which continues upto 10 month post challenge infection. In case of tissue samples, only one sample (5%) from Gr IV was recorded as positive out of 20 samples.
Out of total 76 serum samples tested, 18 (24%) samples (2 from Group I, 3 from Group II, 6 from Group III and 7 from Group IV) were recorded as positive for AGID test (Figure- score (weak band) and only 2 (16%) samples (1 from Group III and 1 from Group IV) were recorded as positive with score of +2 (strong band) (Table-4, Figure-3 
and 4)
It was carried out in serum samples on 0, 15, 45, 90, 180, 240 and 330 days during the study period and analyzed by ANOVA. At 0 DPV, concentration of NO in serum was comparable among the 4 groups, but afterwards in vaccinated groups Group I and II had higher NO concentration than Group III and IV (p<0.0001). In between Group I and Group II also, Group I was recorded with higher nitric oxide concentration ( Figure-3) . At 45 DPV and onward sampling intervals, Group I vaccinated group had significantly higher ( ) concentration of NO as compared to Group II. In Group I and Group II, peak NO concentration was recorded at 45 DPV and sub-sequently concentration declined slightly at 90 DPV. After 90 DPV at each sampling interval, mice in both vaccinated groups maintained NO concentration with slight up and down but Group I remained higher than Group II vaccinated mice at all the post-vaccination intervals (Figure-5 ).
Vaccination is regarded as the easy and cost effective method for controlling MAP infection in animals. In the present study saponin adjuvant was used in vaccine preparation with the aim to modulate cell mediated immune system which is most important for protection against JD. Saponin based adjuvants have the ability to modulate the cell mediated immune system as well as to enhance antibody production and have the advantage that only a low dose is needed for adjuvant activity [20] . Saponins induce a strong
NO estimation test:
p<0.0001 adjuvant effect to T-dependent as well as T-independent antigens [21] . Vaccines adjuvanted with QS21 were found to have less systematic side effects than vaccines adjuvanted with alum [16] . Best performances in protection and reduction of necropsy lesions at 9 months post challenge were obtained with CWC-QS21 vaccine. It is generally agreed that protection against mycobacterial disease is mainly due to TH1 cells that produce IFN-to activate macrophages which then kill mycobacteria during phagocytosis [22] . In the present study, gross pathological changes attributable to JD were absent. This might be due to prolong incubation period of the disease as well as subclinical infection which is most frequent in case of JD. In addition, it is reported that symptoms and necropsy changes specifically intestinal lesions were less common in mice model [23] .
Changes in body weight of mice prior to vaccination and at 0 DPV were almost same, significant difference in body weight were observed after challenge infection in all the four groups. In Group I, gain in body weight was observed upto 330 day of study period but significant changes in body weight was observed during first 2-3 months post vaccination. Likewise, in Group II also, body weight gain was recorded but the changes observed were less in comparison to Group I. In case of Group III and IV control groups with challenge infection, changes in body weight were slow and less in comparison to Group I and II. Also, in Group III and IV, loss in weight was recorded from 220 days onwards. Overall, both the vaccinated groups showed significant gain in body weight in comparison to both control groups (Table-3) . Similar findings were reported in goat by Singh [24] . Faecal shedding of MAP is one of the common factors in spreading the disease. Therefore, controlling the rate of shedding would be important for controlling JD. In our present study, reduction in faecal shedding were recorded in both the vaccinated groups, Group I and II, but the reduction rate were more in Group I than Group II (Table-2, Figure-2 ). In control groups, the rate of shedding was higher in the first 3 months of challenge infection followed by intermittent shedding upto 330 days. It has been reported that vaccination reduces the faecal shedding or delayed the time of shedding [25] [26] [27] .
The AGID test is useful for the confirmation of the disease in clinically suspect cattle, sheep and goats [28] . It has been reported that in small ruminants in New Zealand and Australia the AGID offers slightly higher sensitivity and specificity than that obtained by the ELISAs [28] [29] [30] . The reported specificity and sensitivity of the AGID measured against histological results were 99-100% (95% CI) and 38-56% (95% CI), respectively [29] . Some reports estimate that when AGID results are positive, there is a 95% chance of actual MAP infection in a clinically affected cow [31] .
In the present study, AGID detected few samples (only 18 serum samples out of 76 samples) to be positive in comparison to ZN staining detection which revealed 37 samples as positive out of 52 faecal samples. These results indicate that AGID is one of the specific tests for monitoring humoral immune response in vaccinated and control groups. The test is rapid, inexpensive, and accurate, and it allows for an efficient informed clinical decision. All test results were available within 24 to 48 h. Although faecal culture is a reliable method for diagnosis of paratuberculosis, its practical use for diagnosis of clinical and subclinical infections is seriously impaired by prolong incubation period required for positive results.
In experimentally induced infection of sheep with , it was reported that AGID tests reflected the progress of infection more accurately than other serological tests. The number and density of precipitation bands increased over time in animals in which large numbers of were seen in tissues at necropsy. As the clinical disease advanced, precipitating antibody responses increased [27] .
NO estimation test in serum samples revealed higher NO concentration in vaccinated groups, Group I and Group II but the concentration was higher in Group I in comparison to Group II. Highest NO concentration was recorded on 45 DPV in vaccinated groups. In Group III and IV, no significant changes in concentration were observed.
It is generally believed that reactive nitrogen's, such as NO, are most effective in direct killing of mycobacteria [32] . Significantly higher NO concentration was seen in vaccinated groups (higher in Group I than Group II and least for Group III and Group IV). Increased production of NO induced by antigen may cause effective immune response towards MAP and may lead to inhibition of MAP in macrophages. Similar findings were recorded in study conducted by Singh [33] . The result obtained in the present study predicts that NO estimation test might be a useful assay for monitoring CMI response in the study of JD vaccination and also in comparing the vaccine efficacy among the different vaccine groups.
Based on the analysis of different factors above and test conducted for HI and CMI response at different interval periods during the study period, the present study depicts that comparative efficacy of Saponin adjuvanted MAP killed vaccine above the FIC adjuvanted one in terms of low faecal shedding, absence of specific clinical symptoms, gross pathological changes, significant gain in body weight. AGID employed in the present study also depicts the efficacy in different groups with different scores revealing its specificity in diagnosis. Therefore, saponin adjuvanted MAP killed vaccine might be used for reducing the overall burden of the JD. The authors declare that they have no competing interests.
